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enhanced approximately 4-fold and was
accompanied by an increase in GFP ex-
pression measured by flow cytometry.
These results are at odds with prior stud-
ies that infer an integral role of TI in repres-
sing viral promoters in the same orienta-
tion as an upstream promoter (Cullen
et al., 1984; Greger et al., 1998; Lewinski
et al., 2005) and the findings of Lenasi
et al. (2008) in this issue. Furthermore,
these results imply that latent HIV-1
should exhibit a trend toward convergent
integration, which does not appear to be
the case (Han et al., 2004; Lewinski
et al., 2005).
Is there an underlying cause of this con-
trary influence of same-orientation host
gene readthrough on HIV-1 transcription?
Position effectsmay play some role. Alter-
natively, different transcriptional mecha-
nisms may be employed in resting CD4+
cells than in HCT116 cells to repress
HIV-1 integrates in actively transcribed
host genes. It will be of interest if this phe-
nomenon occurs naturally and, if so, what
strategies are employed by latent cells to
maintain proviral silencing. It is clear that
multiple mechanisms contribute to main-
taining HIV-1 latency at the transcription
level, and the key may lie in unraveling
the complex processes by which host
genes regulate a viral genome within their
own.
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Although gut epithelia are in constant contact with a large number of microbe-derived immune elicitors such
as peptidoglycan, they do not mount an intense immune response. In this issue of Cell Host & Microbe, Lho-
cine et al. (2008) report that the PIMS gene product induces immune tolerance by reducing the availability of
the peptidoglycan receptor in the plasma membrane. These findings provide a novel insight into the molec-
ular mechanisms by which the host gut maintains balanced host-microbe interactions.Symbiosis of prokaryotic microorganisms
and their eukaryotic hosts reflects a long-
standing and coevolving relationship be-
tween the two parites. This delicate rela-
tionship can be mutually beneficial when
the host-microbe interaction is well bal-
anced. One of the most intriguing exam-
ples of a prokaryote-eukaryote interaction
is the mutualism between the metazoan
gut and resident microflora (Backhed
et al., 2005). Although the mechanism by
which host gut allows the existence of
commensal microbiota has yet to be fully
elucidated, recent studies on gut immune
tolerance have revealed that downregula-tion of the NF-kB pathway potential is
a common mechanism that enables im-
mune tolerance (Bischoff et al., 2006;
Lee, 2008; Ryu et al., 2008; Zaidman-
Remy et al., 2006).
InDrosophila gut epithelia, a genetically
well-defined NF-kB pathway known as
the immune deficiency (IMD) pathway op-
erates in response to microbial elicitors
including peptidoglycan (PGN). During
the immune reaction, microbe-derived
PGN is recognized by the PGN receptors,
PGN recognition protein (PGRP)-LC and
PGRP-LE. Upon recognition, these re-
ceptors initiate the IMD pathway, ulti-Cell Host & Microbmately leading to nuclear-translocation
of p105-like NF-kB, Relish. Activated Rel-
ish subsequently induces the expression
of a wide variety of immune genes such
as antimicrobial peptide (AMP) genes,
the peptide products of which, in turn,
neutralize the invading pathogens. How-
ever, commensal microbes peacefully
coexist with the gut epithelia even though
they also contain PGN, which would
normally be expected to provoke the
IMD-dependent antimicrobial program.
Several lines of evidence suggest that
the host deploys immune tolerance pro-
gram that intervenes at different levels ine 4, August 14, 2008 ª2008 Elsevier Inc. 91
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Omnipresent PGN from commensal microbes constitutively activates the gut IMD pathway, albeit at low
levels. Distinct combinations of the negative regulatory elements are likely targeting distinct functional
gene sets; e.g., PGRP-SC, -LB, and PIMS are required to achieve an adequate level of NF-kB pathway po-
tential to regulate genes involved in commensal-gut mutualism. Under such basal Relish activation
condition, Caudal is additionally required for the complete repression of AMP genes for the gut immune
tolerance. In this model, a mutation in any of these genes fails to maintain an adequate level of Relish
activation, which consequently results in AMP overexpression in the gut and possibly a loss of commensal-
gut mutualism. See text for details.the IMD pathway. At the level of the mi-
crobe-derived immune elicitor, the PGN-
degrading enzymes, PGRP-SC and -LB,
maintain a low basal PGN level, which is
necessary to avoid excessive IMD path-
way activation and AMP overexpression
in the gut (Bischoff et al., 2006; Zaid-
man-Remy et al., 2006). It is known that
the basal expression of PGRP-SC and -LB
is controlled by commensal-induced Rel-
ish activation, which indicates that the
maintenance of a low basal IMD potential
is assured by a negative regulatory feed-
back loop. However, not all Relish target
genes are induced in the presence of
commensal bacteria. For example, gut
AMP genes are largely repressed at the
transcriptional level by a developmental
master control gene, Caudal, despite
basal IMD-Relish activation (Ryu et al.,
2008). This selective repression of AMPs
among Relish target genes is required
for preservation of the normal flora com-
munity structure and host health. Thus,
multiple negative regulatory mechanisms
operate at different points along the NF-kB92 Cell Host & Microbe 4, August 14, 2008 ªpathway as well as in different subsets
of NF-kB target genes (Figure 1).
In this issue, Lhocine and colleagues
describe an additional mechanism of im-
mune tolerance in the gut by identifying
and characterizing PGRP-LC-interacting
inhibitor of IMD signaling (PIMS) as a novel
immune modulator (Lhocine et al., 2008),
which was previously identified as poor
IMD response upon knock-in (PIRK)
(Kleino et al., 2008). It has recently been
shown that RNAi-mediated knockdown
of PIMS enhances activation of the IMD
pathway and leads to AMP overexpres-
sion in Drosophila Schneider cells (Kleino
et al., 2008). This suggests that PIMS
negatively regulates the IMD pathway.
Lhocine and colleagues made an impor-
tant observation that PIMS expression is
highest in the gut epithelia. Importantly,
by utilizing germ-free animals, they dem-
onstrated that basal PIMS expression is
maintained by commensal-induced Rel-
ish activation, reinforcing the idea that
basal IMD pathway potential contributes
to the anti-immune response by inducing2008 Elsevier Inc.a subset of anti-immune genes that nega-
tively regulate the IMD pathway. Addition-
ally, Lhocine and colleagues showed that
the presence of commensal bacteria in-
duced spontaneous AMP expression in
the gut and, to a lesser extent, in the fat
body (the primary immune tissue in
systemic immunity) in animals carrying
PIMS/. These findings demonstrate
that PIMS is required to prevent commen-
sal-induced AMP overexpression. Fur-
thermore, they found that PIMS prevents
systemic immune response during gut in-
fection by limiting the immune response
to the site of the local infection.
The exact molecular mechanism by
which PIMS downregulates the IMD path-
way has not yet been elucidated. How-
ever, that PIMS physically interacts with
PGRP-LC and IMD suggests that PGRP-
LC and/or IMD are direct target molecules
of PIMS. This is supported by the findings
of Lhocine and colleagues, who showed
that the overexpression of PIMS leads to
mislocalization of PGRP-LC in perinuclear
structures instead of the plasma mem-
brane, thereby reducing the availability
of PGRP-LC. Consequently, they propose
that PIMS either triggers the internaliza-
tion of PGRP-LC or prevents the correct
cellular localization of PGRP-LC; how-
ever, the localization of endogenous
PGRP-LC in the gut of PIMS/ flies and
PIMS-overexpressing flies remain to be
investigated before any definitive conclu-
sion regarding themode of action of PIMS
can be made.
In addition to the aforementioned nega-
tive regulatory system of the NF-kB path-
way, flies are equipped with a battery of
negative control systems that intervene
at different points (e.g., at the Relish pro-
cessing or stability) along the pathway
(Schneider, 2007). Furthermore, mem-
brane-bound PGRP-LF lacking the intra-
cellular domain was recently found to
block the IMD pathway by sequestering
circulating PGN (Maillet et al., 2008). It is
not known if all of these mechanisms
operate in the gut. It is known that Caudal
is involved in the negative regulation of
NF-kB-dependent AMP gene expression
only in the gut (Ryu et al., 2008), whereas
PGRP-LF does not function in the
gut tissue (personal communication with
J. Royet). Given that AMP overexpression
can be observed in the gut of flies carrying
a mutation in any one of the PGRP-SC,
PGRP-LB, PIMS, and Caudal genes, it is
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are working in a cooperative mode in the
gut. Why does the fly contain multiple
negative regulatory mechanisms in the
gut? It is important to note that, despite
the presence of multiple negative regula-
tory mechanisms, Relish is still constitu-
tively activated in gut epithelial cells due
to the presence of commensal bacteria,
albeit at low levels. This phenomenon
suggests that the host takes advantage
of commensal-derived immune signals
to draw certain benefits by intentionally
maintaining a low level, rather than com-
pletely eliminating, NF-kB activation. In
fact, tracheal cytotoxin, a disaccharide-
tetrapeptide monomer of PGN released
from a symbiotic microorganism, is
known to induce tissue development in
squid (Koropatnick et al., 2004). While
these findings suggest that an adequate
level of NF-kB pathway activation is re-
quired for proper host fitness, they also
raise the possibility that distinct combina-
tions of negative regulatory mechanisms
are assigned with distinct roles. Specifi-
cally, one combination (e.g., PGRP-SC,
-LB, and PIMS) may be responsible forChlamydia Weave
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Pathogenic microbes exploit the hos
otic cells. In this issue of Cell Host &
co-opts host actin and intermediate
chlamydial vacuole and minimizing
Chlamydia species are obligate intracellu-
lar bacteria that replicatewithin a nonacidi-
fied vacuole termed the inclusion. Within
the inclusion,chlamydiaeundergoaunique
biphasicdevelopmentalcycle that involves
the interconversion between two cell
types: the elementary body (EB) and the
reticulate body (RB). By sequestration
within a vacuole that displays selected in-maintaining an adequate level of NF-kB
pathway potential to regulate genes
involved incommensal-gutmutualismwhile
another (e.g., PGRP-SC, -LB, PIMS, and
Caudal) for completely shutting off AMP
genes (Figure 1). Such intricate regulation
of the NF-kB pathway potential would
ensure a beneficial relationship with the
natural flora while avoiding excess im-
mune activation. Future studies evaluat-
ing the role that the commensal-induced
NF-kB pathway plays in host physiology
and the mechanism by which the host
regulates the pathway should be con-
ducted to provide a complete under-
standing of the molecular principles
behind host-microbe mutualisms. Such
studies may allow elucidation of the etiol-
ogy of many inflammatory diseases that
may occur due to dysregulated interac-
tions between commensal microbes and
their host.
REFERENCES
Backhed, F., Ley, R.E., Sonnenburg, J.L., Peter-
son, D.A., and Gordon, J.I. (2005). Science 307,
1915–1920.a Protective Cloak
Intermediate Filam
, College of Veterinary Medicine, Cornell Unive
t cytoskeleton for entry, colonization
Microbe, Kumar and Valdivia (2008
filaments to form a dynamic scaffold
immune detection.
teractions with host-trafficking pathways
(Scidmore, 2006), chlamydiae protect
themselves from lysosomal destruction
and immune detection. At the same time,
the inclusion permits the uptake of essen-
tial host nutrients and lipids and trans-
location of bacterial effector proteins into
the host cytosol. The mature Chlamydia
trachomatis inclusion is considered
Cell Host & MicrobBischoff, V., Vignal, C., Duvic, B., Boneca, I.G.,
Hoffmann, J.A., and Royet, J. (2006). PLoSPathog.
2, e14.
Kleino, A., Myllymaki, H., Kallio, J., Vanha-aho,
L.M., Oksanen, K., Ulvila, J., Hultmark, D., Valanne,
S., and Ramet, M. (2008). J. Immunol. 180, 5413–
5422.
Koropatnick, T.A., Engle, J.T., Apicella, M.A.,
Stabb, E.V., Goldman, W.E., and McFall-Ngai,
M.J. (2004). Science 306, 1186–1188.
Lee, W.J. (2008). Sci. Signal. 1, pe24.
Lhocine, N., Ribeiro, P.S., Buchon, N., Wepf, A.,
Wilson, R., Tenev, T., Lemaitre, B., Gstaiger, M.,
Meier, P., and Leulier, F. (2008). Cell Host Microbe
4, this issue, 147–158.
Maillet, F., Bischoff, V., Vignal, C., Hoffmann, J.,
andRoyet, J. (2008). Cell HostMicrobe 3, 293–303.
Ryu, J.H., Kim, S.H., Lee, H.Y., Bai, J.Y., Nam,
Y.D., Bae, J.W., Lee, D.G., Shin, S.C., Ha, E.M.,
and Lee, W.J. (2008). Science 319, 777–782.
Schneider, D.S. (2007). PLoS Biol. 5, e247.
Zaidman-Remy, A., Herve, M., Poidevin, M., Pili-
Floury, S., Kim, M.S., Blanot, D., Oh, B.H., Ueda,
R., Mengin-Lecreulx, D., and Lemaitre, B. (2006).
Immunity 24, 463–473.ents
rsity, Ithaca, NY 14853, USA
, and intracellular survival in eukary-
) report that Chlamydia trachomatis
providing structural integrity to the
extremely fragile, and its purification has
eluded researchers. In fact, just the act of
microinjecting an infected cell is enough
to cause collapse of the mature inclusion.
Similar to other pathogenic microbes,
Chlamydia species exploit the host cell cy-
toskeleton to mediate their pathogenesis.
Previous studies have shown chlamydiae
to enter nonphagocytic epithelial cells via
e 4, August 14, 2008 ª2008 Elsevier Inc. 93
